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AHHOTaLl,HH 

C^ ' The physical model describing the influence of the electronic subsystem on the properties 

r— H ■ of one-dimensional chains of metal is presented. It is shown that depending on an interaction 

potential between atoms in one-dimensional system formation of chains of various length is 
possible. In case the characteristic depth of the potential well of the interatomic interaction 
does not exceed a certain magnitude, the chains in ID system are formed with length of 
several angstroms, while the increase the depth of the well also leads to the possibility of 
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^.,^. formation of metal chains of greater length. 
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ripe^cTaBjieHa 4)H3HHecKaH Mo^ejib, onucbiBaion^aH BjiHauHe 3jieKTpoHHOH noflCHCTCMbi 
Ha CBoitcTBa o^noMepHbix Li,enoHeK MeTajijioB. IIoKasaHO, hto b saBUCHMOCTU ot noTeHu;Hajia 
B3aHMo;];eHCTBHa ueyK/xy aTOMaMH b o/i,HOMepHOH chctcmc bosmojkho o6pa30BaHHe ii;enoHeK 
paajiHHHoit ;],jiHHbi. B tom cjiynae, ecjiu xapaKTepnaa rjiyGnna noTeHLi,HajibHOH siMbi mcjk- 

Cn I aTOMHoro BsaHMOfleftcTBHH He npeBbimaeT onpe;];ejieHHoii BejiHHHHbi, b ID-chctcmc o6pa- 
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ayiOTCH u,enoHKH c xapaKTepnoH /i,jihhoh nopa^Ka necKOjibKHX aurcTpeivi, b to BpeMH KaK 
yBejiHHeHHe rjiy6HHbi smm npHBo;];HT TaKJKe k bosmojkhocth oGpasoBauHH ii,enoHeK MeTaji- 
jioB Gojibmeft fljiHUbi. 

IIpaBHjibHoe noHHMaHHe cbohctb HanopasMepHMx KOHxaKTOB HMeex pemaiomee sHaneHHe fljia 
MHorHx o6jiacTeH coBpeMeHHoii HaHoxexHojiorHH. yHHKajiBHbie cBoflcxBa MOHoaTOMHbix i];eno- 
HCK MexajiJioB npHBjieKaioT b HacToamee Bpena sHaHHxejibHoe BHHMaHHe KaK sKcnepHMeHTajiB- 
Ho [IHO], TaK H TeopexHHecKH |10I - [T2] . AxoMapHbie n;enoHKH Moryx 6t.ixB nojiyneHBi b sKcne- 
pHMGHxax no MexaHHHecKH KonxpojinpyeMOMy oGpbiBy ii;enH c HcnojibsoBaHHeM xyHHejibHoro 
MHKpocKona HJiH npocBeHHBaiomero sjieKxpoHHoro MHKpocKona [Ij. CxpyKxypti, nojiynaeMbie b 
flaHHbix SKcnepHMCHxax HBjiaioxca o^HOMepHbiMH n;enoHKaMH, cocxoamne h3 hcckojibkhx axoMOB 
MexajiJia, Haxofl3iri,Hec5i Meac^y ^Byx noBepxHocxeH(cM pnc. [T]). 




Phc. 1: H3o6pajKeHHe CTa6HjibH0H oflHOMepHoii sojiotoh aTOMHoft hiith fljiHHoii 2.6 hm. TeMHbie pernoHbi 
no 6oKaM H3o6pa»ceHHH hbjihrdtch flByiviH nrjiaiviH CTM(A h B) [3] 



06pa30BaHHe nofloGnbix ii;enoHeK cHjitHo saBHCHx ox MaxepHajia axoMOB, hs Koxoptix cocxohx 
Li;enoHKa. Bmjio noKasano, hxo sojioxbie ij,enoHKH Moryx 6t.ixb flp 2.6 hm b fl^JiRHy [HIE], Tor^a 
KaK i];enoHKH hs axoMOB cepe6pa b ^jiHHy ne npeBbimaiox necKOjiBKHX anrcxpeM [2]. Tax, b 
pa6oxax |2l|8] c noMombio Mexo;];HKH MexaHHHecKH KOHxpojiHpyeMoro o6pt>iBa ii,enH (mechanically 
controllable break-junction (MCB)),b cepHH SKcnepHMenxoB Gbijih nojiyneHbi rncxporpaMMbi, 
oxo6pa>KaK)iri;He nacxoxy o6pL.iBa n;enoHeK MexajiJioB Ag, Au, Pt, Pd ox ^jihhbi n;enoHKH(cM. 
PHC. [2]). 
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Phc. 2: Histogram of lengths for the last conductance plateau fljia Ag, Pd, Pt [2j, Au [8], 



TaKHM o6pa30M, mojkho c^^ejiaxb bbibo;];, hto MexajiJibi Au h Pt, b oTjinnne ot Ag h Pd, mo- 
ryx o6pa30Bt.iBaTb o^HOMepHbie ii,enoHKH c KOJinnecTBOM axoMOB A^ > 2. B cbssh c oTcyxcxBHeM 
TeopeTHHecKoro onncaHHa ^aHHoro 3(J3(|)eKTa b nacxoamee Bpena, neoGxoflHMO npoBe^^enne hc- 
cjie^oBaHHH CBOHCTB oflHOMepHbix HaHon;enoHeK. IIoHHMaHHe MexanHSMOB oGpasoBanHH n;enoHeK 
MoaceT noMOHB yjiynuiHTB KOHxpojit aa npon;eccoM hx nojiyneHHa, hto, b cboio onepe^t, Moacex 
npHBecTH K cos^aHHK) n;enoHeK pasjiHHHbix MaxepHajioB c yHHKajiBHbiMH cBoiicTBaMH (Marne- 

TH3M, CBepxnpOBOflHMOCTb) HJTH COS^aHHK) I^enOHCK GojIBUIHX paSMCpOB. 

B flaHHOH paGoxe npe^cTaBjiena (|)H3HHecKaa mo^cjib, onHCbiBaioiri,a3 bjihshhc sjieKxpoHHoft 
noflCHCxeMBi na CBoficxBa o^HOMepHBix ij,enoHeK MexajiJiOB. HoKasaHO, hxo b saBHCHMOcxn ox 
noxeHii,Hajia BsaHMOfleitcxBHsi Meac^y axoMaMH b oflHOMepHoii cHcxeMe bosmojkho oGpasoBanHe 
n;enoHeK pasjiHHHofl ^^jihhbi. B xom cjiynae, ecjiH xapaKxepnaa rjiyGnna noxeHii;HajiBHOH smm 
MeacaxoMHoro BsaHMOfleiicxBHH ne npeBbimaex onpe^ejieHHoit BejiHHHHBi, b ID-cncxeMe oGpaay- 
loxca n;enoHKH c xapaKxepnoH fljiHHoit nopa^Ka necKOJiBKHX anrcxpeM, b xo BpeM3 KaK yBejinne- 
HHe rjiyGHHbi smm npHBo^Hx xaxace k bosmojkhocxh o6pa30BaHHH i^enoneK MexajiJioB Gojibineii 

flJIHHbl. 

PaccMoxpHM BjiHSHHe sjieKxpoHHOH no^^cHcxeMBi Ha cBOHcxBa o;];HOMepHbix n;enoHeK Mexaji- 



jioB. npe;];nojio>KHM, hto n;enoHKH MCTajiJioB, Ha6jiio^aeMt.ie b sKcnepHMeHTax, aBjiaioxcH peajiH- 

3aii;HeH BOSMOJKHBIX C0CT05IHHH OflHOMepHOit CTaXHCTHHeCKOH CHCXeMBI. PaCCMOXpHM 6eCKOHeH- 

Hyio o;];HOMepHyio ij,enoHKy. PaccMoxpHM sjiexxpoH b nojie (|)jiyKxyai];HH hjioxhocxh o;i,HOMep- 
Hofl CHCxeMBi HacxHii;. Hycxb n — cpe^naa njioxHocxt nacxHii; b paccMaxpHBaeMofl CHCxeMe, a 
n = n{x) = ^j 6{x — Xj) — MHKpocKonnHecKaa njioxHocxb. ToTf\a. 6n = n — n — (|)jiyKxyan,Ha 
njioxHocxH. raMHjiBxoHHaH 3jieKxpoHa B nojie (|)jiyKxyai],HH hjioxhocxh Gy^ex hmcxb bh^: 



H = H[^,6n] + H[6n] (1) 

Tflfi nepBoe cjiaraeMoe ([T]) — nacxb raMHjibxoHHana, oxBenaiomaa BsaHMo^eflcxBHio sjiexxpo- 
Ha c cJ)JiyKxyai];HeH hjioxhocxh, a Bxopoe cjiaraeMoe (OQ), oxBenaiomee coGcxbchho (|)jiyKxyaij,HH 
njioxHocxH, npe^cxaBjiHex co6oh HSMeneHne cboGo^hoh SHeprnn CHCxeMbi HacxHii;: 



H[^,6n]= f ( -^* (A^) + ^*f/^J dx 



(2) 
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r^e f3 — 4)yHKn,H5i oxKjiHKa cHcxeMti, /3 ^ 



S'^F 



(3 ^{x,x')6n{x)6n{x') dxdx' 
F — cBoGo^Haa sneprHH cHcxeMti. 



Sn(x)5n(x') ' 

noxeHii;Hajii>Haa sHeprna sjieKxpona b nojie (|)jiyKxyan;HH hjioxhocxh U = J V{x — x') dx 6n. By- 
flfiM npe;i,nojiaraxb o^HOHacxHHHbm noxeni^Haji V jioKajibHbiM: V{x — x') = VoS{x — x'), xor^a 
U = Vo6n{x). 3xo npnGjiH^KeHne, npHHHMaeMoe npn HsyHeHHH pacceaHHa Me^jieHHtix HacxHii;, 
cnpaBe^jiHBo, Kor^a ;i,e-BpoHjieBCKaH fl^jmna bojihbi sjieKxpona mhofo 6ojibme pasMepa paccen- 
Baxejia. 3xo ycjioBHe Bbinojinaexca, nocKOJiBKy ^jinna bojihbi sjieKxpona nopa^Ka pasMepa Kjia- 
cxepa, a Kjiacxep co^epjKHx mhoxo axoMOB(A^ ^ 1). 



/],jia paBHOBecHoro cocxoaHHs: 
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(4) 



Ho^cxaBjiaa ([I]) b (|1]), nojiy^HM 



Vo'^*{x)'^{x) dx - (3~'-{x,x')6n'{x') dxdx' = 0; 



6n'(x' 



/3{x, x')Vo'^*{x)'^{x) dx 



(5) 



TaKHM o6pa30M, hs (|2]), ([3]), c ynexoM ([5]) nojiynaeM: 



X {^*{x')^{x')) dxdx' 

OyHKLi;HH oTKjiHKa I3[x,x') cBHsana c KoppejumHOHHofi (|)yHKii;HeH i>{x,x') cJ)jiyKTyaii;HOHHo- 
;];HCCHnaTHBHOH TeopeMOH |13] : 



n'^h'{x,x') = —6{x — x')n — Tf3{x,x') (7) 

HjiH, B k — npe;i,CTaBjieHHH, 
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^{k) = ~-[l + nu{k)] (8) 

P/Ls ynpomeHHH BocnojibsyeMca jioKajibHbiM npH6jiHJKeHHeM (hto cooTBexcTByeT fljiHHHOBOJi- 
HOBOMy npH6jiHJKeHHio(/c — )■ 0)) [1^ 



P{k) = - — [1 + nu{k) + nUcor{k) - nUcorik)] = - — [1 + nUcor{k)] - 

1 (9) 
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- — [nz/(A;) - nUcor{k)] ^ - — [1 + nucor{0)] - —[nu{0) - nUcor{0)]S{k)- 
I II a 

3;];ecb H jxajiee hh^^ckc cor — cooTBexcTByex BejiHHHHaM, BbiHHCjieHHbiM ^jia cHcxeMbi HacTHii; c 
B3aHMo;];eHCTBHeM THna „TBep^L.ie mapt.i", BejiHHHHbi Ges nnfl^eKca cooTBexcTByioT Bt.iHHCjieHHL.iM 

^JIH CHCXeMBI HaCTHH, C HOJTHL.IM BSaHMO^eflCTBHeM. Cl>yHKn;Ha OTKJIHKa Pk=0 CBHSana C CJKHMae- 

MOCTbio cooTHomeHHeM [15j: 



dp 
dn 



n/3-io = -T[l+ni/eor(0)]-^ (10) 



B (ITO|) Hepeft^eM ox hjiocthocth n k cxeneHH sanojineHHa 6, 6 = na — cTeneHb sanojiHeHHa b 
o^HOMepHOH cHcxeMe: 



1 dp 
a de 



-T[l + nz/,,,(0)]-i (11) 



CjKHMaeMOCTb ^ 

op 



, rjie p — o^HOMepHoe ^^aBjienne, ^jia B3aHMo;];eHCTBH3 THna „TBep;];bie 

cor 

mapbi" MOJKex Gbitb HOJiynena hs ypaBHCHHS cocxoaHHa o^HOMepnoro rasa, Koxopoe Moacex Gbixt. 
Hafl^eHO H3 cooxHomeHHH |16) : 

-+T^\n{^(p,T))=0 
n op 

7 / px + ^x) ^ ^^^^ 

nP^T) = dx exp I 





r^e $(x) — noTepHii;Haji BsaHMOflettcTBHH Meac^y axoMaMH. TaKHM o6pa30M, ypaBHeHHe co- 



CTOSHHa p{0^ T) H BOCnpHHMHHBOCTb |^ 

„TBepfli>ie mapbi" Gy^eT hmctb bh^i,: 



oflHOMepHoro rasa HacTHii, jxjia BsaHMo^eHCTBHa xHna 



T 9 



dO 



P 



a 1 — 9 dp 
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r^e a — pa^nyc HacxHi^bi, h3 ([8]) h ( ITTl) h (IT3|) ^jih /3(/i;) nojiynaeM: 



W = ;^(l-»f-j?,3^-ap 



T^-a{l-ef]6{k) 



(14) 



BoCnpHHMHHBOCTb CHCXeMBI BSaHMO^^eflCTByiOmHX HaCTHU, 1^ HaH;];eM B npHGjIHJKeHHH B3aH- 



dp 



MOfleHCTBH3 THHa „ np3Moyrojit.Ha3 3Ma 



oo,x < a 
^(x)=( -£,a<x <a + R (15) 

0,x > a + R 

S^ecb e — rjiyGnna smbi, a — pa^nyc HacTHn;bi R — mnpHHa hmbi. B stom cjiynae Bocnpn- 
<9e 



HMHHBocTb |^ MOJKeT 6bitb HaftfleHa H3 ypaBHeHH3 C0CT03HH3 ^jiH o^HOMepHoro rasa [17] : 
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exp {I3pidR) 
1 - exp (-e/T) 
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(16) 



r^e PiD 



pa 



6e3pa3MepHoe o^HOMepHoe flaBjienne. TaKHM o6pa30M, c ynexoM (IT^ . h3 



flji3 3(|)(|)eKTHBHoro raMHjiBTOHHaHa -ffe// nojiyHHM: 
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3^ecb A 
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a = ^ 
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Snaa 3(|)(|)eKTHBHbiil raMHjiBTOHHaH sjieKxpona b nojie 4)jiyKTyan,HH hjiothocth (fT7|) , nojiyHHM 
ypaBHeHHe IHpe^HHrepa: 
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J\ji^ TaKoro ypaBHeHHH ecxb xepMHH „HejiHHeHHoe ypaBnenne IIIpe^HHrepa". noKa3aHo |18| . 
HTO ojxwM H3 pemeHHH no;i,o6Horo HejinneHHoro ypaBHenna Gy^ex aBjiHexcH pemenne BVLj\a. 
\I/(x) = /l/ch(i?x), Tf\e A m B — KOHcxaHTbi, B HMeex cmbicji o6paxHoro xapaKxepnoro pa3- 
Mepa cojiHXOHa. TaKHM o6pa30M, b nameM cjiynae pemeHHCM 6y;];ex aBjiaxtca: 



(19) 
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r^e aMnjiHTy^a cojiHTona A: 
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a oGpaTHbiit xapaKTepHbifi pasMep cojiHTona B: 



(20) 



'^'-^»'\i-ef; 



SaMCTHM, HTO SaBHCHMOCTb ( 12T]) HMeCT MaKCHMajIbHOe SHaneHHe npH 6* = 1/3, HTO COOTBeT- 

CTByex MHHHMajiBHOH fljiHHe n;enoHKH L^m = 1/-B = A/27r^^^. 

Snaa BOjiHOByio (|)yHKn;Hio BjieKxpona, mojkho HaitxH sneprHio sjieKxpona b saBHCHMOcxH ox 
cxeneHH sanojineHHa 6 o;],HOMepHOH CHCxeMbi nacxHu;. Hs (fT9|) nojiy^HM, hxo SHeprna sjieKxpona 
6y^ex HMexb bh^: 
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iI<-|-"<^ 
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16 n2r2a2 



(22) 



BejiHHHHy 1^ B npH6jiH>KeHHH BsaHMOfleiicxBHa xnna "npHMoyrojiBHaa HMa" mojkho nojiynnxb 
H3 flT3|) . B xaKOM cjiynae, saBHCHMocxb sneprHH sjieKxpona E' ox cxeneHH saHOJiHenna o^ho- 
MepHOH cHcxeMbi 6 npH pasjiHHHbix 3HaHeHH3x rjiy6HHt.i noxeHi^HajiBHoit 3Mt>i BsaHMOfleftcxBHa 
axoMOB npeflcxaBjiena na pnc. [3l 
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Phc. 3: SaBHCHMOCTb SHeprnn sjieKxpona ot cxeneHH sanojiHenHH oflHOMepHoit CHCxeMbi 9 npn pas- 
jiHHHbix SHaneHHHX rjiy6HHbi noTeHLi;HajibHOH hmm BsaHMOfleftcTBHH axoMOB e = 5 • 10"^ sB (a) h 
e = 9 • 10-2 3B (5) 
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KaK MOJKHO BH;];exB H3 pHC. [21 npH MajiOH rjiyGnne noxeHn;Hajit.HOH hmbi BsanMo^^eficxBHa 
axoMOB e = 5 ■ 10^^ sB, saBHCHMOcxb BHeprnn sjieKxpona ox cxenenn aanojineHHa HMeex o^hh 
MHHHMyM npH 6 ~ 0.22 (cm. pHC. [3l^a)), hxo oxBenaex o^noMy nanGojiee BepoaxHOMy cocxoa- 
HHio 3jieKxpoHa npn jiio6om SHaneHHH BejiHHHHBi cxenenn sanojiHenna 6. Hpn yBejinnenHH ace 



rjiyGHHM noTeHn;Hajit.HOH hmm e = 9 ■ 10^^ sB, b saBHCHMocxH 3HeprHH sjieKxpona ox cxene- 
HH sanojiHeHHii noaBjiaexca Bxopoit MHHHMyM npn 6 ~ 0.68 (cm. pnc. [3](a)), xaKHM o6pa30M 
npH yBejiHHeHHH sneprHH BsaHMo^eficxBHH axoMOB HMeexca ^Ba HanGojiee BepoaxHtix cocxo3hhh 
3jieKxpoHa, cooxBexcxByromne pasjiHHHBiM 6. 

Snaa cbssb xapaKxepHoit ^jihhbi cojinxona 1/B co cxenenbio sanojiHeHHH o^HOMepHofl ch- 

CXeMbl 6 (I2TI) . H3 ( I22I) MOJKHO HattXH SaBHCHMOCXb SHCprHH SJICKXpOHa ox XapaKXepHOH JlJl'ilHhl 

cojiHxoHa E(l/B) = E{L) (cm. pnc. H]). B cbssh c rpoMosflKocxbio, HxoroBoe anajiHXHHecKoe 
BbipaaceHHe ^jih E[L) ne npHBo^Hxca. 
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Phc. 4: 3aBHCHMOCTb sneprHH sjieKTpona ot xapaKTepnoft fljiHHbi cojiHTona L npn pasjiHHHbix snane- 
HHsx rjiy6HHbi noTeHi^HajibHoii hmm B3aHMo;i;eHCTBHH aTOMOB e = 5 • 10^^ 36 (a) h e = 9 • 10^^ aB (6) 



KaK MOJKHo BH^exb H3 pHc. 111^6), npH rjiy6HHe noxeHn;HajTbHOH smbi BaaHMo^eficxBHa axoMOB 
£ = 9 ■ 10~^ sB HMeioxca ;i,Ba MHHHMyMa sneprHH sjieKxpona npn L ~ 4.9, 8 A, cooxBexcxByioiri,He 
pasjiHHHBiM ;];Hana30HaM ^. HofloGHoe noBe;];eHHe mojkho oGtacnnxB cjie^^yiomHM o6pa30M. HpH 
9 = 0^ 1/3 HanGojiee bcpohxhbim sBjiaexca oGpasoBanne n;enoHeK ^jihhoh L ~ 4.9 A. C yBCJiH- 
HeHHCM ace cxenenn sanojiHCHHa ^ > 1/3 cHcxcMa nepexoflHx b hoboc cocxoaHHe c oGpasoBaHHeM 
n,enoHeK ^jihhoh L ~ 8 A. 

IIojiyHHM BepoaxHocxB oGpasoBaHHH n;enoHeK ^jihhhoh L. BejiHHHHa exp(— £'(L)/T) — ecxt 
BKjia.j\ B njioxHocxb BepoaxHocxH oGpasoBaHHH n;enoHKH c xapaKxepnbiM pasMepoM L sa cnex Bsa- 
HMO^eficxBHH sjicKxpoHa c (|)JiyKxyai];HeH hjioxhocxh. J\ji^ xoro, Hxo6bi nojiynnxB BepoaxHocxB 
o6pa30BaHHa n;enoHKH j\jikrov^ L Heo6xoflHMo ^onojiHHxejibHo ynecxb BepoaxHocxb o6pa30Ba- 
HHa (|)jiyKxyan;HH hjioxhocxh b oflHOMepHofi chcxcmc. TaKHM o6pa30M, hjioxhocxb BepoaxHocxH 
o6pa30BaHH3 n,enoHKH c xapaKxepntiM pa3MepoM L 6yflex hmcxb bh^: 



/ = exp ( — - — ) wl 



(23) 



r^e wl — BeposTHocTb HafixH b oflHOMepHoii cHcxeMe HeBsaHMOfleitcTByiomHx HacxHu, ij,enoHKy 
fljiHHOH L. Wl onpe^ejiHM cjieflyiomHM oGpaaoM. HsBecxHo |19| . hto BeposTHocxB xoro, hto na 
fljiHHe L GyfleT naxoflHTbca Bcero A^ axoMOB ^aexca (|)opMyjioH HyaccoHa: 

n-^expf— n) , , 

-- = — IH' ('') 

r^e n = j^L = -^L — cpe^^nee SHaneHne HHCjia HacTHu; na jj^jiime L, Nq — hhcjio HacTHn; b 
CHCTCMe, Lf) — fl^jiRHa cHcxeMbi, N — hhcjio HacTHu, b n;enoHKe. HojiaraH, hto b ij,enoHKe ;i,jihhoh 
L co^epjKHTCH iV HacTHn; npn njioTHocxH HacTHn; ^' = 1, nojiyHHM N = ■^. TaKHM o6pa30M, Be- 
poaTHOCTb 4)jiyKTyan;HOHHoro oGpasoBanna ii,enoHKH h3 A^ nacTHii; 6y;];eT Bt.irjiH;],eTb cjie;];yioiri;HM 
o6pa30M: 

{0Nrexp{-{eN)) 

"^^ = m ^^^^ 

Hmbh b BH^y BbimeosHaHeHHyio cbhsb HHCjia HacxHU, c fljiHHoii n;enoHKH, nojiy^HM: 

^^ ta)\ ^^^ 

TaKHM o6pa30M, njioTHocxb BepoaxHocTH oGpaaoBaHHH n;enoHKH ^jihhoh L b oflHOMepnoH 
cHCTCMe 6y;];eT Bbirjia^^eTt. cjie;];yioiri;HM oGpasoM: 

r^e saBHCHMocTb ^(L) = 6(1/ B) onHCBiBaexca Bt.ipa>KeHHeM ( l2T]) . 

Ha pHc. |5]npe;];cTaBjieHL.i saBHCHMocxH hjiothocth BepoaxHocxH o6pa30BaHHH n;enoHeK ;i,jihhoh 
L npH rjiy6HHe noTeHn;HajibHOH smbi BsaHMOfleiicTBHa axoMOB e = 9 • 10^^ 3B (pnc. M^a), (6)) h 
£ = 5-10-2('b). 



t-l 




Phc. 5: SaBHCHMOCTb hjiothocth 4)yHKii;HH pacnpeflejieHHH ot fljiHHbi ii;enoHKH L npn SHaneKHH rjiy6HHbi 



noTeHii;HajibHOH hmm BsaHMOfleitcTBHH aTOMOB e 
5-10-2 36,6* = 0^ Kb) 



9- 10-2 3B, 6" = 0^ i( 



1(6), npH e 



KaK MOJKHo BH;];eTb H3 pHc. ini npH sHaHeHHH rjiyGHHbi noTeHn;HajibHOH 3ml.i BsaHMo^eflcTBHsi 
axoMOB e = 5 ■ IQ-^ sB, npn jiio6oh hjiothocth 6 b o^HOMepHoit cHcxeMe nanGojiee BepoHTHbiM 
3BjiaeTC3 o6pa30BaHHe ^HMepoB - n;enoHeK, cocToamHx hs ^Byx axoMOB, Tor^a KaK npn yBejiH- 
HeHHH rjiyGHHbi hmbi noaBjiaeTca ;];onojiHHTejit>Ht>iH hhk hjiothocth (|)yHKii;HH pacnpeflejieHHS, 
OTBenaiomHii o6pa30BaHHio n;enoHeK c N > 2. 

TaKHM o6pa30M, noKasano, hto b saBHCHMocxH ox noTeHn;Hajia B3aHMo;i,eHCTBHH Me>K;i,y axo- 
MaMH B o;];HOMepHOH cHCTCMe B03M0JKH0 oGpasoBaHHc ij,enoHeK pasjiHHHoit fl^jinHhi. B TOM cjiynae, 
ecjiH xapaKTepnas rjiyGnna noTeHn;HajibHOH hmbi MejKaxoMHoro BsaHMo^eilcTBHa ne npeBbimaeT 
onpeflejieHHOH BejiHHHHbi, b ID-cHcxeMe oGpasyioTca n;enoHKH c xapaKTepHofi fljiHHofi nopa^^Ka 
HecKOjiBKHX anrcxpeM, b to BpeMH KaK yBejinneHHe rjiy6HHt.i aMbi npHBO^HX k bo3mo>khocth 
o6pa30BaHHa ii;enoHeK MexajiJioB TaK>Ke h Gojibinett fljiHHbi. 

Pa6oTa BbinojiHena npn (jDHHancoBofi no^mepacKe Oe^epajibHoii i^ejieBofi nporpaMMbi "Hayn- 
Hbie H HayHHo-ne^arorHHecKHe Ka;],pt>i HHHOBaii,HOHHOH Pocchh na 2009 - 2013 ro;];t.i". 
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